Infiltration, sediment concentration of runoff, and sedbnent production from lightly grazed and ungrased semi&d slopes were compared using a band-portable rabrfall sbnulator. The study slope was located in tbe Guadalupe Mountabu of southeastern New Mexico. Average slope steepness was 50%. The objective of this study was to determine tbe impacts of llgbt grazing by sheep (10 ha/AU) on steep slope btflltrability and sediment production. Infiltrahllity on the grazed slopes WM 12-1796 lower than on the ungued slopes. These results are comparable to what has heen reported from modmte slope gmdients. Sedbuent concentration of runoff from the lightly grazed slopes was significantly higher than from tbe ungrazed slopes only at the end of the dry run (45 min). Sediment production WM significantly gruter from the grazed slopes for tbe dry run, but not the wet run. Percentage difference of sedbnent production between the grazed and ungrazed slopes was well within the range published for moderate slope conditions. These data give no indication that steep slopes (3C70%) in semiarid regions are my more bydrologlcally sensitive to light grazing than 8re moderate slopes (<HI%).
Hydrologic processes on rangelands and the effects of land use on these processes are much better understood now than 30 years ago, in part because of rainfall simulation methodology. Rainfall simulation has been an especially valuable tool in evaluating the impacts of grazing management on rangeland hydrology. The use of rainfall simulation, however, has been largely limited to slope gradients less than 10%. The hydrologic impact of grazing on steeper slopes has been littled studied.
By the removal of plant cover and trampling, graxing can result in increased soil compaction and crusting by raindrop impact. Soil organic matter and aggregation can also be reduced. All of which results in lower infiltration and higher sediment production. Busby and Gifford (1981) suggested that impacts of grazing are cumulative rather than instantaneous. They found that simply the removal of vegetation by clipping did not result in an immediate decrease in infiltration rate.
Grazing research to date indicates that heavy grazing, regardless of grazing system in place, causes reduced infiltration and increased sediment production (Warren et al. 1986 ). Hydrologic impacts of moderate and light grazing differ little from one another (Gifford and Hawkins 1978) . In many cases sediment production and infiltration from moderate, light, and ungrazed pastures have differed little (Blackbum et al. 1982) . Specialized grazing systems have not generally proved to be hydrologically advantageous over continuous Brazing Hawkins 1978, Warren et al. 1986) .
One might reasonably ask are steep slopes more hydrolo8ically sensitive to grazing pressure? Do the generalities learned from previous grazing research apply to steep slopes? These are especially important questions in mountainous areas grazed by sheep, since sheep utilize steep slopes more than do cattle (McDaniel and Tiedeman 1981) . The objective of this study was to assess the hydrologic impact (infiltration and sediment production) of sheep grazing on steep slopes (>30%) at light stocking rates in semiarid rangelands.
Study Area
The study was conducted in the northern Guadalupe Mountains of southeastern New Mexico. The Guadalupe Mountains are a dissected plateau of moderate to high relief (King 1948 , Hayes 1964 The study area was made up of 2 Forest,Service grazing allotments. One (1,500 ha) has been grazed for about 3 months during the winter for the last 10 years by 700-1,000 sheep. Sheep did not uniformly graze the steep slopes available to them and some areas were essentially ungraxed. The other allotment has been grazed by cattle. Area ranchers and Forest Service personnel agree that cattle rarely venture out on the very steep slopes evaluated in this study. We therefore have assumed that the steep slopes in the allotment grazed by cattle are ungrazed by domestic livestock. (1982) has pointed out the shortcomings of the term "infiltration capacity"and has proposed the term "inftltrability"in its place to "designate the infiltration flux resulting when water at atmospheric pressure is made freely available at the soil surface" (Hillel 1982 p. 212). We concur that "intiltrability" is a more appropriate term and have used it throughout this article.
Methods

Hillel
In the summer of 1984, a hand-portable rainfall simulator (Wil-cox et al. 1986 ) was used to apply rainfall to flexible, oval shaped plots about 1 m* in size. The rainfall simulator employed a single stationary nozzle that was placed 2.0 m above the plot. Rainfall application rate was 10.3 cm hi'. Dropsvaried from 0.8 to 2.0 mm in size. Median drop size was 1.2 mm. Plots were constructed from sheet metal strips 10 cm wide and 355 cm long. Each end of the sheet metal strip was bolted to a runoff tray, forming an oval or circular shape. Flexible plots were lightly tamped into the soil and the lower inside borders were sealed with soil to prevent leakage. The soil seal was covered with a mulch layer to protect it from raindrop impact and subsequent soil particle detachment. Plot area was measured at each location using a grid constructed from 1.27-cm wire mesh. Water was applied twice at each plot location. Application times were separated by about 1624 h. Water was applied for 45 min during the first application (dry run) and 35 min during the second (wet run) to attain steady state infiltrability. Dry and wet runs were included in the analysis to increase the range in soil moisture conditions and to approximate field capacity conditions as well as dry or antecedent conditions. Immediately after the dry run, the plot was covered with clear polyethylene plastic to prevent evaporation.
Infiltrability was calculated as rainfall rate minus runoff rate. Other components of the water budget (surface water storage, interception storage, evaporation) were not accounted for in determining infiltration since they represented minor losses to the system and would have been difficult to determine for each plot. Total runoff (1 m-') was collected and weighed for each 5-min interval that rainfall was applied.
Sediment concentration of the runoff was determined for 3 times during the dry and wet runs. These were at 5,25,45 min and 5,20, 35 min for the dry and wet runs respectively. At sites 2,3, and 4 the 5-minute dry run sample was the first liter of runoff from the plot. At site 1, sampling differed slightly in that the first minute of runoff was not included in the sample. Implications of this difference in sampling will be considered further in discussion of the results. Sediment production was calculated as: E = C& + CsRs + CsRs E = total soil loss from plot (gm) Cl q sediment concentration (SC) at 5 min @ml-') Cs = (5 min SC + 25 min SC)/ 2 @ml-') Cs = (25 min SC + 45 min SC)/2 @ml-" R1 = total runoff (1) for first 5 min RZ = total runoff (1) from 5-25 min Rs q total runoff (1) from 25-45 min Rainfall was simulated on 4 sites, each of which were about 0.1 ha (Table 1) . Two sites were considered ungrazed. One of these sites (site 1, 16 plots) was in the pasture ungrazed by sheep. The other one (site 2,8 plots) although in the pasture grazed by sheep was judged to be ungrazed. No evidence of grazing was noted. This site was quite steep and was located below a steep rock precipice making it poorly accessible. It was also far from water. The grazed sites were located below a heavily used bedding ground adjacent to a water source. These sites were the south (site 3,8 plots) and north (site 4,7 plots) tending slopes adjacent to an easily accessible saddle of moderate slope (20-30%). There was ample evidence of sheep grazing on these sites. Since grazing was not uniformly distributed over the slopes, exact grazing intensity of sites 3 and 4 could not be determined. We judged these sites to be lightly grazed because of the vigor and composition of the vegetation and because slopes were steep (30-70%). McDaniel and Tiedeman (1978) concluded that utilization by sheep in the Guadalupe Mountains dropped off markedly after slopes exceeded 35%. Soils and vegetation were very similar across the 3 sites (1,2,3) with a southerly aspect. Site 4 faced toward the north and had similar soils as the other sites but differed somewhat in species composition. Cliff muhley and wavyleaf oak were more abundant. Vegetation and soil characteristics, as well as infiltration and sediment production, are summarized by site on Table 1 . A detailed description of the methods used to measure vegetation and soils within each plot are given by Wilcox et al. (1988) . Data were analyzed using a nested one-way analysis of variance (Steel and Torrie 1980) . Sites were nested within grazing treatment and used as the error term. Significant differences among sites were determined using individual plots (sampling error) as the error term,
Results and Discussion
Infiltrability of the grazed sites was lower than ungrazed ones (Fig. 1) grazed and ungrazed sites was about the same for the dry and wet runs. Significant differences occurred more often during the dry run. During the wet run, site differences accounted for much of the variabilty; the analysis of variance indicated significant differences among sites but not grazing treatments. Total infiltration of the grazed sites was 11% and 17% less than the ungrazed sites for the dry and wet runs respectfully (Table 2) . Differences, however, were only significant for the dry run. Based on their review of the literature, Gifford and Hawkins (1978) concluded that, on the average, light/moderate grazing results in about 25% lower infiltration than on ungrazed areas. In many studies no significant difference in infiltration between ungrazed and light or moderate grazing was noted. Data reported here suggest that infiltration of steep slope soils is no more sensitive to light grazing than is infiltration of more moderate soils.
The increased infiltrability towards the end of the wet run is interesting. One possibility is that the release of entrapped air caused higher infiltrability. This has been shown experimentally by Jarret and Fritton (1978) . Entrapped air compresses during the infiltration process "and the increased air pressure reduces the hydraulic head gradient driving the infiltration process, reducing infiltration rate" (Jarret and Fritton 1978, p. 901) . Eventually internal pressure will increase such that air escapes and infiltrability increases.
Average sediment concentration was generally greater from the grazed sites than the ungrazed ones (Fig. 2 ). Absolute differences in run. This however is probably an artifact of sampling error. Note that dry run sediment concentration at 5 minutes is much lower from site 1 than from any of the other sites (Table 1) . After 5 minutes sediment concentration from site 1 is similar to sediment concentration of site 3. Apparently by not sampling the first minute of dry run runoff at site 1 we missed a substantial slug of sediment. Grazed sediment concentration was only significantly higher than ungrazed sediment concentration at the very end of the dry run; although absolute differences in sediment concentration were not great. Sediment concentration was the least variable at the end of runoff. During the wet runs the sediment concentration from the grazed and ungrazed sites was very similar.
The high sediment concentration at the beginning of runoff was due to the initially high availability of easily erodible fines (Emmett 1978) . High initial sediment concentration of overland flow has been observed by others as well (Lowdermilk and Sundling 1950, Swanson et al. 1965) . Schreiber and Renard (1978) reported similar trends in sediment concentrations of ephemeral flow from semiarid washes in Arizona. Also note sediment concentration at the beginning of the wet run was greater than the sediment concentration at the end of the dry run. This indicates that additional loose fines were made available in the interlude between rainfall simulation events, most likely caused by the wetting and drying process (Emmett 1978) or the weakening of soil awegates by wetting.
Sediment production was greater from the grazed sites than the ungrazed ones, but only significantly so during the dry run (Table  2) . Recall, however, that the 5-minute dry run sediment concentration recorded for site 1 was lower than it would have been if the first minute of runoff had been sampled; as it was for the other sites. For this reason the real difference in dry run sediment production between the grazed and ungrazed sites is attributed wholly to greater runoff (lower infiltrability) from the grazed sites, rather than higher sediment concentration. Site differences accounted for most of the wet run variability in sediment production; the analysis of variance indicated significant differences among sites but not grazing treatments.
Regardless of grazing treatment, sediment production was quite high from these steep slopes. Moderate slopes (<lfR# in the same study area produced only one ninth of the sediment that was produced from these slopes (Wilcox and Wood 1986) .
Studies conducted at Fort Stanton, New Mexico comparing ungrazed to moderately grazed (by cattle) ranges have shown sediment production to be several times greater from moderately grazed ranges. Gamougoun et al. (1984) found sediment production to be highly variable. Even though sediment production was on the average 4 times higher from the grazed pasture (155 kg/ ha) than the ungrazed one (34 kg/ha) differences were not significant. Weltz and Wood (1986) reported significantly greater sediment production from moderately grazed pastures (300 kg/ ha) than ungrazed ones (100 kg/ha). In contrast others have found little difference in sediment production between moderately/ light grazed pastures and ungrazed ones (Cut-tie 1975) . In light of results from previous grazing-watershed research, the response of sediment production on these steep slopes to light grazing was well within the norm. In fact the percentage increase reported here was much lower than that reported by many other studies on more moderate slopes.
conclusions
(1) Infiltrability of steep slopes was slightly lowered by light sheep grazing. Other studies on more moderate slopes have reported similar results.
(2) Sediment production is highly variable and its response to grazing varies both temporally and spatially. Little absolute difference in sediment production of the treatments was observed. That which was, was attributed to higher runoff from the grazed slopes, as little true difference in sediment concentration of the runoff was detected. The relative difference in sediment production between the grazed and ungrazed slopes was lower than what has generally been reported from moderate semiarid slopes.
(3) Data reported here give no indication that steep slopes in semiarid areas are any more hydrologically sensitive to light grazing than are moderate slopes.
